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Introduction
It is a common clinical problem for major surgery patients to experience severe postoperative sleep disturbance including sleep deprivation, disruption, and abnormal architecture, which could be caused by different factors such as anxiety, pain, or maladaptation to the ward environment. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Postoperative sleep disturbance may worsen a patients' physical condition by increasing the risk of postoperative delirium or cognitive dysfunction, and delaying recovery. 3, 4, [10] [11] [12] Numerous attempts have been made to relieve severe sleep disturbances after surgery through eliminating noise and light in surgical wards with blinders or earplugs, the consolidation of patient care interactions. 3, 4, [13] [14] [15] [16] Pharmacological intervention such as short-acting non-benzodiazepine 17, 18 or multimodel analgesia [19] [20] [21] is other methods used to improve postoperative sleep quality. However, less studies have attempted to use early intervention during the surgery to prevent postoperative sleep disturbance for surgery patients.
Dexmedetomidine, an α 2 adrenoreceptor agonist, is usually used for perioperative sedation, the prevention of delirium and assistant analgesia. [22] [23] [24] [25] Continuous infusion of dexmedetomidine (0.1μg·kg −1 ·h −1 ) has been demonstrated to improve patients' sleep quality in the intensive care unit; 26 and one recent study 15 has shown that continuous infusion with this dose dexmedetomidine at night can change critical care patients' sleep structure and improve their sleep quality by increasing stage N2 sleep. Furthermore, one small sample size randomized trial 27 showed that intraoperative use of dexmedetomidine (0.2-0.7μg·kg −1 ·h −1 ) could improve postoperative subjective sleep quality for the patients undergoing elective laparoscopic abdominal surgeries. These studies indicated that intraoperative use of dexmedetomidine has the potential to decrease the incidence of severe sleep disturbance after major surgery. However, because different types of surgery vary greatly and it is unknown whether intraoperative dexmedetomidine use still have the effects on the improvement of postoperative sleep quality for the patients undergoing other types of non-cardiac major surgery in real-world cohort. In addition, it is also unclear which intraoperative dose of dexmedetomidine is more effective on the improvement of postoperative sleep quality in clinical practice. Thus, based on the above analysis the current study retrospectively aimed to include a large sample size of patients undergoing nine types of noncardiac major surgery based on a real-world clinical cohort to explore the following two questions, in order to provide better criteria about intraoperative use of dexmedetomidine for clinicians in clinical practice:
1. Is it common that intraoperative use of dexmedetomidine decreases the incidence of severe sleep disturbance for the patients undergoing all types of non-cardiac major surgery? 2. Which dose of intraoperative dexmedetomidine use is optimal in decreasing the incidence of severe sleep disturbance for the patients undergoing noncardiac major surgery of nine types?
Methods Patients
This study was designed as a single-center, retrospective cohort study, and the study was performed according to the STROBE guidelines. 28 The study protocol was reviewed and approved by the Ethics Committee of The Second Affiliated Hospital of Army Medical University (Approved ID: 2019-096-01). The study was performed in accordance with Declaration of Helsinki and patient data were guaranteed confidentiality. Because the current study was designed as a retrospective study based on the hospital electronic medical record system, written informed consent was waived. A total of 28,457 patients receiving elective operation were acquired in the electronic medical record and follow-up system from May 1st 2018 to April 30th 2019. Due to missing data (n=1932), 26 ,525 patients were eventually enrolled ( Figure 1 hypopnea syndrome), smoking and drinking status, were collected from the electronic medical record system. The ASA grade and the preoperative disorders of different systems (including cardiovascular, respiratory, urinary, digestive, nervous and hematological system) were recorded according to the patient's chief complaint and preoperative examination. Anesthesia methods were divided into general anesthesia or non-general anesthesia, and surgical methods were divided into minimally invasive surgery and nonminimally invasive strategy. In addition, whether patients received postoperative patient-controlled intravenous analgesia provided by the anesthesiology department was also recorded. After entering the operating room, all patients had routine vital sign monitoring including blood pressure, heart rate, pulse, and oxygen saturation. We collected the data of monitored vital signs for all patients when entering and leaving the operating room. In addition, for the primary aim of the study, patients were grouped according to dexmedetomidine use during surgery based on their medication records. In the hospital, the usage and dose of dexmedetomidine were determined by the anesthesiologist. Dexmedetomidine was uniformly administered by continuous intravenous pumping (0.2 to 0.8 μg·kg −1 ·h −1 ) after the induction of general anesthesia or after the non-general anesthesia was completed. The dosage of dexmedetomidine for each patient was calculated using the total amount of dexmedetomidine (μg) divided by weight (kg) and infusion time (hour). According to the calculated results patients were grouped into low-(0.2-0.4 μg·kg −1 ·h −1 ), medium-(0.4-0.6 μg·kg −1 ·h −1 ) and high-dose group (0.6-0.8 μg·kg −1 ·h −1 ).
Postoperative Follow-Up Data Collection
In the department of anesthesiology at The Second Affiliated Hospital of Army Medical University, a postoperative visiting team was established for surgery patients' follow-up since April 2018. All surgery patients were followed from 08:00 to 10:00 (1st interview) and 16:00 to 18:00 (2nd interview) one day after surgery. Investigators used NRS (the numeric rating scale: an 11-point scale, where 0 indicates the best possible sleep and 10 indicates the worst possible sleep) and recorded the patient's self-reports to assess subjective sleep quality of the patients on the night of surgery during the 1st interview. If the patients reported that they could not fall asleep during the night or woke up repeatedly during most of the night and the NRS of sleep quality >6, the patient was labeled as severe sleep disturbance. In addition, the investigator asked and recorded the cause of the patient's sleep disturbance. 
Eligible patients for screening (n=26525)
Research data missing (n=1932) Figure 1 Study population inclusion summary.
Investigators also evaluated the patients' pain intensity (numeric rating scale score: "0" for painless and "10" for unbearable pain) at the 1st and 2nd interviews, and if the patient presented with a numeric rate scale score >3 within 24 hrs after the operation, they were classified as an inadequate analgesia case. 29 In addition, the presence of nausea and vomiting, anal exsufflation, and whether patients could independently participate in off-bed activity were recorded for all surgery patients within 24 hrs after surgery.
Statistical Analysis
In the study incidence of severe postoperative sleep, disturbance was considered as the primary endpoint. In the preliminary analysis based on the patient population undergoing noncardiac major surgery from our hospital, we found that the incidence of severe postoperative sleep disturbance for Non-DEX patients was about 25%. We hypothesized that intraoperative DEX use can decrease the incidence by 10%. According to the design of comparison in rate difference between two groups, based on a significance level of 0.05, power of 0.99, the required minimum sample size for each group was determined to be 583 individuals using the sample size calculation software PASS, version 11.0 (NCSS, Kaysville, UT).
All data were assessed and analyzed using SPSS 22.0 and R statistical software by an experienced statistician. A two-sided P-value <0.05 was considered statistically significant. Continuous variables are presented as mean (standard deviation), and categorical variables are presented as counts (percentage). Patients were grouped according to dexmedetomidine use (DEX group and Non-DEX group) during the surgery. Based on 6.7% of missing data, we used traditional statistical methods and did not consider imputation techniques in the data analysis. The normal or skewed distributions of continuous variables were determined according to the Kolmogorov-Smirnov test, and Student's t-tests or Mann-Whitney tests were accordingly performed to compare the difference between the DEX and Non-DEX group. The χ 2 test was used to compare the categorical variables between the two groups. Relative risks with 95% confidence intervals were calculated for the postoperative outcomes.
Given the potential differences between the baseline data of the DEX and Non-DEX group, we also performed a propensity score analysis to further compare the effect of intraoperative dexmedetomidine use on postoperative sleep quality. Propensity score was calculated for all baseline variables: sex, age, height, weight, BMI, age group (≤45 years, 45-60 years, ≥60 years), BMI group (≤18.5 kg/m 2 , 18.5-24 kg/m 2 , ≥24 kg/m 2 ), smoking (yes/ no), drinking (yes/no), OSAHS (yes/no), ASA grade, surgery type, minimally invasive surgery (yes/no), general anesthesia (yes/no), with or without a cardiovascular system disorder, respiratory system disorder, urinary system disorder, digestive system disorder, nervous system disorder, hematological system disorder, and whether or not they were receiving patient-controlled intravenous analgesia. We performed matching using the 1:1 nearest neighbor method without replacement under a logit model, which yielded 1853 patients in the DEX group matched with 1853 patients in the Non-DEX group. Comparisons of baseline data and outcomes between the two groups were also performed as a non-matched cohort.
In addition, subgroup analysis was performed according to the different surgery types the patients received. The presentation of severe postoperative sleep disturbance was considered a dependent outcome variable. Logistic regression analysis using enter model was performed and all baseline variables were included in the model. Odds ratios with 95% confidence intervals were calculated for dexmedetomidine use in the different population. Difference in incidences of severe postoperative sleep disturbance between patients with low-dose dexmedetomidine (0.2-0.4 μg·kg −1 ·h −1 ) and those with medium-dose (0.4-0.6 μg·kg −1 ·h −1 ) and high-dose (0.6-0.8 μg·kg −1 ·h −1 ) was compared using χ 2 test. Logistic analysis with an enter model was also performed to explore the risk factors for severe postoperative sleep disturbance incidence. Dosage of dexmedetomidine (low-dose, medium-dose, high-dose and no dexmedetomidine use) and all the above baseline variables were included.
Results

Baseline Data
Demographic and preoperative data for all included patients are presented in Table 1 . In the unmatched cohort, we identified 5565 patients in the DEX group and compared them with 1853 patients in the Non-DEX group (Figure 1 ). As shown in Table 1 , a significant difference between DEX and Non-DEX groups was found in the percentage of males (50.0% vs. 43.0%; P<0.0001), age (52.61±13.83 vs. 53.61 ±14.12; P=0.008), smoking status (12.1% vs. 9.7%; P=0.005), drinking status (3.3% vs. 1.9%; P=0.002), respiratory system disorder (21.8% vs. 17.5%; P<0.0001), Table 1 ). There were no significant differences in most of the demographic and baseline data between the two groups. However, significant differences in the distributions of surgery type between the DEX and Non-DEX group were found (P=0.003).
Comparisons of Outcomes Between the DEX and Non-DEX Groups
Intraoperative and postoperative data are presented in In addition, no significant difference was found between the two groups with respect to surgery time, or postoperative nausea and vomiting, anal exsufflation, and inadequate analgesia at 24 hrs after surgery. After matching, the results showed that patients in the DEX group also presented with a lower incidence of severe sleep disturbance on the day of surgery compared with the patients in the Non-DEX group (15.1% vs. 26.4%; P<0.0001) and the odds ratio for the DEX group was 0.49 (95% CI: 0.42 to 0.58). Less patients in the DEX group were able to participate in off-bed activity at 24 hrs after surgery compared to the Non-DEX group (10.3% vs. 13.2%; P=0.007). Surgery time in the DEX group was longer compared to the Non-DEX group (3.17±1.17 vs. 3.04±1.21; P=0.002). No difference was found in any other outcomes between the two groups.
Subgroup Analysis
The incidence of severe sleep disturbance on the day of surgery for the different surgery populations is shown in Figure 2 . The total incidence of severe sleep disturbance in the DEX group was lower than the Non-DEX group (15.0% vs. 26.4%; P<0.0001). In the subgroup analysis, for all patients except for those undergoing neurosurgery, the incidence of severe sleep disturbance in the DEX group was significantly lower than the Non-DEX group. We calculated the odds ratio for dexmedetomidine use on severe postoperative sleep disturbance for the different surgical populations using a logistic regression model including all baseline factors, and the results are shown in Figure 3 . For gynecological surgery the odds ratio was 0.21 (95% CI: 0.13-0.33; P<0.0001), 0.67 for middle and lower abdominal surgery (95% CI:0.46-0.98; P=0.042), 0.57 for upper abdominal surgery (95% CI:0.33-0.99; P=0.047), 0.30 for urological surgery (95% CI:0.19-0.47; P<0.0001), 0.50 for chest and breast surgery (95% CI:0.33-0.77; P=0.002), 0.61 for head, neck, and ear-nose-throat surgery (95% CI:0.39-0.95; P=0.028), 0.43 for orthopedic spine surgery (95% CI:0.33-0.56; P<0.0001), and 0.67 for orthopedic limb and other surgeries (95% CI:0.46-0.97; P=0.034). For neurosurgery, the incidence of severe sleep disorder 
Comparison the Effects Between Different Dosage of Dexmedetomidine
The logistic analysis for severe postoperative sleep disturbance is shown in 
Discussion
To the best of our knowledge, this is the first real-world cohort study to evaluate the role of intraoperative dexmedetomidine use to improve postoperative sleep quality for patients undergoing non-cardiac major surgery. Here, we reported the following findings. First, intraoperative use of dexmedetomidine was shown to decrease the incidence of severe sleep disturbance on the day of surgery in patients after undergoing non-cardiac major surgery. Second, the improved sleep quality was observed in almost all types of surgery, especially in gynecological and urological. Third, the effects are most significant in patients receiving lowdose dexmedetomidine (0.2-0.4 μg·kg −1 ·h −1 ) during the surgery compared to medium-and high-dose.
The current study demonstrated that intraoperative use of dexmedetomidine could decrease the incidence of severe sleep disturbance in patients undergoing noncardiac major surgery. Based on this real-world cohort we enrolled a large sample size population including different anesthesia methods and surgery types. Furthermore, we also performed a propensity score and subgroup analysis based on different surgery types to validate the findings. All analyses uniformly showed that intraoperative dexmedetomidine use had the same tendency to improve postoperative sleep quality. Accordingly, we concluded that intraoperative use of dexmedetomidine could significantly decrease the incidence of severe sleep disturbance in patients after undergoing non-cardiac major surgery, and this finding may be extended to routine clinical practice. However, it should be noted that the effects of intraoperative dexmedetomidine use for sleep quality improvement differed for different surgery types based on the subgroup analysis. The most significant effects were observed in the patients receiving gynecological, urological and orthopedic spine surgery with odds ratios of 0.21, 0.30 and 0.43, respectively. The clear effects may be attributed to the higher incidence of postoperative sleep disturbance in female, urological and orthopedic spine surgery patients (all incidences of severe postoperative sleep disturbance in the Non-DEX group for these surgery patients were more than 30%). Conversely, we found that there was no statistically significant difference in the incidence of sleep disturbance between the DEX and Non-DEX group in neurosurgery patients (the incidence of severe postoperative sleep disturbance in the Non-DEX group was approximately 18%). However, while there was no statistical difference, a trend towards improved sleep quality was observed. Thus, the effects of intraoperative use of dexmedetomidine on sleep quality improvement in neurosurgery patients should not be denied based on the current study.
As we know, postoperative pain was one of the most common causes affecting postoperative sleep quality, and this is reported in many previous studies. [19] [20] [21] 30 However, we observed that intraoperative use of dexmedetomidine had no effect on improving postoperative pain, and the incidence of inadequate postoperative analgesia was similar in the DEX and Non-DEX group. Thus, we speculated that postoperative sleep quality improvement induced by intraoperative use of dexmedetomidine might be due to other causes rather than reducing postoperative pain. Some studies 31, 32 have indicated that the intraoperative use of dexmedetomidine may provide better sedation effects. In addition, one recent study 15 has shown that dexmedetomidine (0.1 μg·kg −1 ·h −1 ) improves postoperative sleep quality through increasing stage N2 sleep, decreasing stage N1 sleep and avoiding the sleep structure disorder of patients.
In the current study, the dosage of intraoperative dexmedetomidine reached 0.2-0.8 μg·kg −1 ·h −1 . Considering the characteristics of long metabolism time and the positive correlation between time and medication duration of dexmedetomidine, [33] [34] [35] these findings support that the effects of dexmedetomidine might still exist when patients have left the operating room and could, therefore, improve the sleep quality of patients after surgery.
In clinical practice, the intraoperative use of dexmedetomidine was mainly used to assist in sedation, maintaining hemodynamic stability and preventing the patient's postoperative delirium. 22, [36] [37] [38] However, there was currently a lack of clinical evidence for the intraoperative use of dexmedetomidine in the nine types of non-cardiac major surgery to affect postoperative sleep disturbance. Clinicians seemed to have not noticed and considered this problem in their actual work. Therefore, it could be said that our research project was equivalent to a doubleblind study. At the same time, the results of the study showed that intraoperative use of dexmedetomidine did improve the quality of postoperative sleep, reflecting the "Do not treat but cure" effect of dexmedetomidine on improvement of sleep quality. In other words, intraoperative use of dexmedetomidine may have a "pretreatment" effect on the improvement of postoperative sleep quality.
In addition, we also found that that low-dose use of dexmedetomidine (0.2-0.4 μg·kg −1 ·h −1 ) showed the greatest improvement in postoperative sleep quality compared to the medium-dose (0.4-0.6 μg·kg −1 ·h −1 ) and high-dose (0.6-0.8 μg·kg −1 ·h −1 ). One other previous study 3 has examined the effect of oxycodone combined with two different dose of dexmedetomidine (2.4 μg·kg −1 vs. 4.8 μg·kg −1 ) on postoperative sleep quality and also showed that using low-dose dexmedetomidine (2.4 μg·kg −1 ) after surgery produced the better effects on the improvement of postoperative sleep quality comparing to the high-dose dexmedetomidine (4.8 μg·kg −1 ). This further supported that low-dose dexmedetomidine use (0.2-0.4 μg·kg −1 ·h −1 ) may be optimally recommended for the treatment of postoperative sleep disturbance. The following limitations should be considered when interpreting our study results. First, this study estimates an average therapeutic effect of intraoperative dexmedetomidine use from a single center and retrospective cohort study, which has its own inherent limitations, e.g., we were able to exclude only diagnosed patients with preoperative insomnia. Thus, a well-designed randomized controlled trial is needed to validate the current finding definitively. Second, the intraoperative use dosage of dexmedetomidine may be different for patients according to different anesthetists and patients may receive different therapies after surgery, which may lead to deviations in results. Finally, the sample size of subgroup analysis based on different surgery types was limited though the overall sample size enrolled in our study was relatively large. Thus, the effects of intraoperative dexmedetomidine use in postoperative sleep quality improvement for different surgery patients need to be further confirmed with larger sample sizes.
Conclusion
Intraoperative use of dexmedetomidine can improve postoperative sleep quality and significantly decrease the incidence of severe sleep disturbance on the day of surgery for patients who have undergone non-cardiac major surgery. The effects of improvement in postoperative sleep quality are the most pronounced in patients undergoing gynecological and urological surgeries. Furthermore, low-dose dexmedetomidine (0.2-0.4 μg·kg −1 ·h −1 ) during the surgery has the most significant sleep improvement effect.
